The minimally invasive techniques in surgical practice have been well introduced and widely accepted for certain procedures, including surgery for colon cancer. The advantages of the laparoscopic approach in terms of early and late postoperative results and the oncological safety have been established by numerous reports, including randomized controlled trials. The application of laparoscopic colon surgery for cancer has been adopted in various institutions. This chapter reviews the available literature data regarding the use of minimally invasive surgery for colon cancer, including early and late surgical and oncological results and new trends. Retrospective and prospective trials published in the last 20 years are reviewed to address the issues. Technological advantages such as intracorproreal anastomosis, single incision, and natural orifice surgery are commented in the chapter.
Introduction
The mainstay of treatment of colon cancer is the multidisciplinary approach. The advances of medical technology in various areas have led to improvement of cancer staging, surgical technique, medical oncology, and cancer biology. The logical consequence led to better treatment options. It was well stated in the article by Dinu et al. that a multidisciplinary team consisting of oncologists, surgeons, radiologists, physicists, and pathologists should provide the patient with a specific elaborate protocol of treatment, given the generally accepted treatment guidelines that are based on the efficacy of the multimodal treatment [1] . Laparoscopic approach is used with increased frequency for many surgical procedures. The laparoscopic colectomy follows the principles of open oncological surgery -low ligation of the blood vessels at their origin and no-touch isolation [2] . Usually the anastomosis for right-colon tumors is performed extracorporally, and thus minimal laparotomy is required. The laparoscopic technique decreases length of hospital stay and pain and allows sooner restoration of food intake. Laparoscopy can be safely used if the following criteria are absent: severe adhesions, advanced tumor (e.g., T4),and/ or complicated colon cancer. The similarity between oncological results and the defined short-term clinical advantages of laparoscopic and open surgery for colon cancer have been proven in various multicenter studies. [14] . The patients with previous abdominal surgery (PAS) are at risk due to severe adhesions. The laparoscopic adhesiolysis is more technically challenging and time consuming. The study of Zanghi et al. reviews that matter and concludes that laparoscopic adhesiolysis increases the risk of bowel injury [7] . PAS is not universally accepted as contraindication for laparoscopic surgery, although it complicates the procedure as a whole. Law et al. reported patients with PAS who did not develop short-term postoperative complications such as ileus, prolonged hospital stay, or conversion rate after colorectal surgery [4] . In contrast, Yamamoto et al. described relatively higher rates of intraoperative intestinal injury and postoperative complications, including ileus and delayed time to diet in patients with a history of abdominal surgery [5] ( Table 1 ).
Laparoscopy for colon cancer 2.1. Patients
In results from a single-center study from Tajima et al., patients were compared according to their age, gender, and tumor location between the hand-assisted laparoscopy (HALS) and CL groups [8] ( Table 2) . Less bleeding during surgery, faster postoperative recovery, and shorter stay are some of numerous advantages of laparoscopic resection of colon. After all, there are doubts of the radical curative effect of complete tumor resection, lymph node dissection, and puncture implantation metastasis by laparoscopic surgery. However, the most important indicator for the radical curative effect of laparoscopic surgery is the number of dissected lymph nodes. CRM is significant for the assessing of the prognosis of colorectal cancer surgery. The long-term survival rate of colorectal cancer patients undergoing laparoscopic surgery compared to open surgery procedures is also analyzed. No statistical difference in 3-or 5-year OS and 3-or 5-year DFS between the two procedures was reported (P>0.05) [8] .
Surgical time of colorectal cancer laparoscopic surgery is longer compared to open surgery, and laparoscopic surgery requires a more skilful surgeon. The surgeons undergo rigorous training and development for a period of time, which improves the surgical procedure [9] . Also the nonneoplasm technique is important, which is the same as the open surgery is. The previously used method for the quality assessment with digital score may cause deviation. 
Hand-Assisted Laparoscopic Surgery
Over the last years, minimally invasive laparoscopic surgery is being used more and more. Additional bowel resection for stage I rectal cancer, radical resection of stage II or III rectal cancer, and palliative surgery in patients with stage IV rectal cancer are among the indications of laparoscopic surgery. Traditional laparotomy for rectal cancer makes it difficult to visualize certain areas, including the pelvic floor, the ventral part of the bladder, and the posterior to apical regions of the prostate.
The traditional laparoscopic approach has been well established. In some cases a hybrid approach is required, e.g., rectal cancer surgery. The traditional laparotomy may reveal certain anatomical areas. On the other hand, the laparoscope provides magnified view of the structures and allows for safer approach. Laparoscopy-assisted colorectal surgery (LACS) is used in Japan and several drawbacks are reported -is more time consuming and requires specific experience and technical equipment, which makes it more challenging. In Europe and the United States, the so-called hybrid-hand assisted laparoscopic surgery (HALS) is more widespread, which allows for direct vision. The advantages of HALS include direct safe palpation and grasping with the hand, shorter operative time, and shorter learning-curve.
Outcomes

Short-term benefits of laparoscopic surgery
Laparoscopic procedures have several short-term benefits that are well described in all reports on the topic of minimally invasive procedures. Those include earlier restoration of bowel function, oral food intake, smaller incision, and less operative trauma (therefore less need for analgesia) and were proven in various randomized control trials. In the case of cancer surgery, the laparoscopic approach allows for faster recovery, which may influence the oncological results by sooner initiation of systemic therapy. The hospital stay is shorter in comparison to open surgery. In elderly and comorbid patients, the laparoscopic surgery may lead to cardiovascular and pulmonary complications, although the mortality and morbidity rates are lower than in open surgery.
Long-term outcomes
Oncological outcomes of LS and OS for colorectal cancer patients were similar in most randomized studies. The random trial conducted by Lacy et al. [11] showed excellent long-term oncologic outcomes following LS, when compared with OS in patients with curable colon cancer. This study had a median follow-up of 95 months, but there was only one difference between the two techniques including the higher survival rate of patients with stage III colon cancer. The oncologic outcomes after performing LS instead of OS are still being analyzed when treating colorectal cancer patients. Recurrences and disease-free and overall survivals following LS compared to OS for stage III colorectal cancer patients are shown on Figure 1 [11] .
The long-term results are similar for laparoscopy and open surgery. On the contrary, a study made by Lacy et al. [11] has noted some oncological benefits for stage III colon cancer, including better local recurrence rates and higher rates of long-term and overall survival. For stage I and II, there were no significant oncological differences. Those results could be explained by patient's immunity response, dissemination of cancer cells, and earlier start of systemic treatment. The rates of local and distant metastases are found to be lower after laparoscopic surgery [12] . Despite that peritoneal carcinomatosis rates remain the same. The local recurrence rate of right colon cancer is relatively higher in compared to the left localization, although this is not confirmed by randomized studies [13] .
New trends
SILS
The increasing patients' interest in cosmetic results has led to the more frequent use of singleincision surgery, even for colon cancer. The ultimate goal of "scarless surgery" could be achieved only when oncological results are proven to be equivalent to standard laparoscopic surgery. SILS ports are placed at the umbilicus or in case of rectal cancer at the planned site of a stoma. SILS reduces the abdominal incision trauma, provides better cosmesis, and reportedly, shorter hospital stay. SILS approach is successfully applied in laparoscopic colorectal procedures. For last few years, there are more data about this approach, which confirmed benefits of and interests in this technique. The SILS technique is administered to patients and the achieved results are promising. The development of SILS went from simple surgical procedures to the first colorectal resections in 2008. The first sigmoidectomy for benign disease was performed by Bucher et al. [17] . This approach was also used for anterior rectal resection, proctocolectomy, and total proctocolectomy. Lu C-C et al. as well as some other authors suggested that SILS could be applied both for benign and malignant cases [17, 20, 22, 23] .
The operative time compared to conventional laparoscopic surgery is varying, and according to some retrospective studies the difference is not statistically significant. The operative time yet is longer, regardless of the procedure according to a study by Kwag et al [20] . The difference of operative times could be explained also by the fact that this techniques is not that widely used and the learning curve is steeper. Other criteria such as pain are reported to be more severe after SILS [20] , although other authors report decrease of pain [22, 23] .
NOTES
The first human colorectal natural orifice endoscopic surgery (NOTES) procedure was initiated with the reports of Bernhardt et al. [19] and Palanivelu et al. [25] , who performed appendectomy in 2008. Performance of more complex procedures was limited by the instrumentation. In addition the colorectal procedures require restoration of continuity, which is a major limitation for NOTES. The hybrid NOTES procedures such as trans-anal total mesocolic excision (TEM) broaden the possibilities for this technique (Figure 2) . SILS evolved starting with cadavers and swines [25] . Sylla et al. [15] reported successful total mesorectum excision (TME) with laparoscopic assistance in a human. Two cases of laparoscopically assisted transanal TME were reported by Dumont et al. [21] . The clinical and oncological advantages are yet to be analyzed [2, [27] [28] [29] .
Alternative technique is the mini-laparoscopy-assisted natural orifice surgery (MA-NOS), which includes additional laparoscopic ports less than 5mm and main port inserted in the natural orifice. The largest port is placed in the natural orifice. Lacy et al. [27] has pioneered this technique and presented a case of total colectomy. The authors suggest that the lack of dedicated NOTES instruments requires laparoscopic assistance.
Summary
Laparoscopic colon resection for cancer can be performed safely and accurately with many short-term benefits to the patients while resulting in at least equivalent long-term results as open surgery procedures. Other potential benefits may include better preservation of cellmediated immune function and reduced tumor cell proliferation. The scientific confirmation of the efficacy of laparoscopic surgery is needed to implement it further in the practice and accept it as a worldwide standard. The available level 1 data support safety, patient-related benefits, and oncological similarity. Innovative approaches are being tested, including less abdominal wall trauma. Mastering the laparoscopic approach still has a steep learning curve, although the even more available laparoscopic courses will diminish that issue.
